Argan tree (Argania spinosa (L.) Skeels) is endemic in Morocco where it principally grows on the west side of the High Atlas Mountains. Argan fruits contain an oleaginous kernel used to prepare edible dietary oil presenting a delicate hazelnut fragrance [1] . To prepare argan oil, argan fruits have first to be peeled, then the seeds are cracked, and the collected kernels are crushed. If cosmetology-grade argan oil is prepared from unroasted kernels, alimentary-grade argan oil is prepared from slightly roasted kernels; a step providing the unique hazelnut fragrance of the oil.
For centuries, argan oil has been only prepared manually and on a family scale. Following the secular method, the oil is obtained in low yields and frequently unsatisfactory microbiological conditions. However, the argan oil high dietary properties [2] and its pharmacological activities [3] [4] [5] associated with its remarkable chemical composition [6] [7] have recently elevated the oil to the rank of highly world-wide prized nutraceutic. Cooperatives producing qualitycertified argan oil have now been implanted in Morocco to help to satisfy the consequently raising demand on oil [8] . In these cooperatives, small amounts of technology have been introduced and the oil preparation ritual has been very slightly modified: the fruit are peeled mechanically and the oil is obtained by press-extraction [8] . With these improvements large quantities of oil of reproducible microbiological and chemical quality are obtained. However, traditionally prepared argan oil is still produced in Morocco and it can be purchased in local farmers markets or along the roads. Recently, we analyzed the physicochemical properties of different samples of argan oil and, for some parameters, observed large discrepancies depending on the oil preparation method [9] . These latter could reflect altered pharmacological or nutritional properties. Particularly, oil samples prepared from kernels isolated from seeds "peeled" by goats (seeds collected in goat dejections) were found to have a higher saponification and peroxide value together with a low ω-tocopherol level. Not only argan oil prepared from this kind of kernels presents modified physicochemical properties but its fragrance is also strongly modified.
The aim of this work was to trap the volatiles of argan oil prepared from mechanically and goatpeeled fruits and to identify the headspace constituents responsible for the oil hazelnut aroma, when prepared from roasted seeds, and the modified smell, when prepared from goat-peeled fruits, using GC-MS and olfactometry.
Four different samples of oil were analyzed to evaluate the influence of the fruit goat digestion and of kernel roasting on the argan oil fragrance (see Materials and Methods for acronym definition). The odors identified of each sample are listed Table 1 . A total of thirty seven odorants were separated and thirty three were identified. Only fourteen odorants were observed in sample uRK, the sample prepared from seeds/kernels that had undergone the most reduced process. Nineteen odorants were observed in sample RK, twenty one in sample GRK and twenty two in sample GuRK. Similar numbers of odorants have been observed in peanut, hazelnut, and pumpkin seed oils (21, 24 , and 24; respectively) [13] .
The volatile compounds in argan oil consist mainly of aldehydes and ketones. This is not surprinsing since these compounds are known to be formed during autoxidation of linoleic acid [14, 15] , a derivative constituting 30 to 35% of all argan oil fatty acids [6] . Six compounds belonging to the aldehyde/ketone class were common to all the four oil samples
, and oct-1-en-3-one]. Qualitatively, these seven odorants constitute 31.5%, 33%, 42%, and 27% of all the odorants observed in RK, GRK, uRK, and GuRK; respectively. Each of these odorants produces a specific aroma (Table 1) whose particular contribution on the argan oil fragrance was difficult to analyzed especially considering that oct-1-en-3-one contributes a mushroom note in aqueous medium and a metal note in oily medium [16] . Among the other ketone derivatives, octan-2-one, a methylketone derivative, was only observed in oil coming from goat digested seeds (GRK or GuRK). Since methylketone are generally produced by microorganism-assisted metabolism of fatty acids, it is likely that this compound is formed consecutively to the action of the goat digestive enzymes. In the aldehyde series, nonanal was only detected in oil samples prepared from unroasted kernels. In consequence, it is likely that nonanal is decomposed during roasting and is one of the precursor of the other unsaturated C 9 -aldehydes. Vanillin was the only aromatic and carbonyl derivative observed in all four oil samples. Three additional aromatic ketones/aldehydes were observed in oil samples derived from roasted kernels: acetophenone (nutty), p-methylacetophenone (nutty), and phenylacetaldehyde (flower). Analysis of the four oil samples revealed only two alcohol derivatives, any of them being found in sample RK. Such compounds are likely to be produced by oxidation and metabolisation of linoleic acid.
Esters and lactones contribute mainly fruity notes. Ethyl-2-methylbutyrate was only observed in oil sample GuRK. Ethyl-2-methylbutyrate has already been observed in hazelnut, pumpkin seed, and peanut oil [13] and level differences in ethyl-2-methylbutyrate have been observed between roasted and unroasted peanuts. The loss of volatile during roasting was proposed as an explanation [17] . Our results are consistent with this hypothesis. Lactone formation from hydroxyacids can be induced by heating or in acidic pH. Interestingly, γ-butyrolactone was observed in sample GuRK (seeds that went through gastric acids) and (R)-δ-decalactone in RK. So, these two lactones are likely to be the result of an acidic and heating treatment, respectively.
Three pyrazine derivatives were observed: trimethylpyrazine, acetylpyrazine, and 2,5-dimethyl-3-ethylpyrazine. Only the latter was found in the four samples of oil. Acetylpyrazine was found only in oil produced from. roasted kernels (RK and GRK). This compound has already been shown to be formed by condensation of C-methyl reductone and glyoxal during the roasting of peanuts [18] . A similar origin can consequently be proposed for its exclusive formation in roasted argan kernels. 2-Methyl-3-furanthiol (meaty), an odorant presenting a high flavor dilution factor [19] was observed in all four samples. 2-Furfurythiol (sulfur group), whose flavor dilution factor is also high, is an odorant commonly found in coffee [20, 21] and roasted peanuts [17] . It was observed only in oil samples prepared from roasted kernels (RK, GRK). This was somehow surprising since 2-furfurythiol has been shown to be heat-unstable [20] . However, this instability has only been studied in aqueous solution where it has been shown to be pH dependent. The modified stability of 2-furfurylthiol toward heating in the presence of fatty acid could explain its presence.
Comparison of argan oil odorants and peanut, hazelnut, and pumpkin seed oil [13] showed that some odorants are common to the four oils. However, neither filbertone (5-methyl-(E)-hept-2-en-4-one), the odorant responsible for hazelnut oil taste [13] nor pent-1-en-3-one, the main odorant of peanut oil nor the couple (Z)-hept-4-en-al, 3-ethyl-2,5-dimethylpyrazine, the odorants responsible for pumpkin seed aroma were detected in RK or GRK. The hazelnut taste of alimentary argan oil could be a consequence of the presence of acetophenone, p-methylacetophenone, and 1-carvone whose smell is characterized as nutty. The strong odor presented by argan oil sample prepared from goat peeled seed is more difficult to explain from this study, it is probably due to the unknown compounds evidenced by this study. The unknown compound of LRI 1119 (rancid odor) is a good suspect since it is common to GRK and GuRK. However, exact determination of the relative importance of each constituent in mixture is a complex task that would probably require omission experiments [22] .
Experimental
Plant Material: Argan fruits (A. spinosa) were collected during the summer 2003 in the Tamanar area (Essaouira county, Morocco). One half of the fruits were sun-dried then mechanically peeled, the second half was given to goats especially kept in a paddock for this study. Argan seeds were separately cracked and half of each obtained kernel fraction was roasted, affording four kernel samples.
Sample preparation: From each batch of kernels, argan oil was prepared in the Tamanar cooperative according the mechanical procedure used in this cooperative and previously described [9] . Oil sample RK was prepared from roasted kernels coming from mechanically-peeled fruits, oil sample uRK was prepared from unroasted kernels coming from mechanically-peeled fruits, oil sample GRK was prepared from roasted kernels coming from goatpeeled seeds, and oil sample GuRK was prepared from unroasted kernels coming from goat-peeled seeds. From each oil sample, an analysis sample was prepared by diluting 100 µL of oil with 900 µL of Freon. Each of this was analyzed by sensory analysis, GC-MS, and GC-O. Helium was used as a carrier gas, and the oven temperature was the following: the column temperature was maintained at 35°C for 3 min after injection, then heated to 180°C at a rate of 6°C min -1 then from 180°C to 225°C at a rate of 30°C min -1 , and the temperature was maintained for 3 min. The injector temperature was 250°C, and the detector temperature was 280°C. The injected sample volume was 1µL. Linear retention index (LRI) were calculated using n-alkanes as references. For the mass measurements, the ionization voltage was 70 eV (EI); ion source temperature 150°C. The mass detector ion range was m/z 45-300. Identification of the volatiles was done by analyzing RI [10] verified by database Flavornet [11] and/or mass spectra of samples with authentic standards.
GC-MS Measurements

GC-O Measurements:
Analysis was carried out using a modified (Datu Inc., Geneva, NY) HP 6890 (HP, Palo Alto, CA) [12] gas chromatograph equipped with a 12 m x 0.32 mm i.d. HP-1 fused silica column coated with a 0.52 µm film of methyl silicone. The sample (1 µL) was injected splitless at 250°C onto the column with helium as carrier gas (flow rate 1.2 mL/min). The column temperature program was identical to that described for GC/MS analysis. The injection and detector ports were maintained at 250°C. The retention time of each odorant was converted to Kovats indices using C 7 -C 18 n-alkanes (Charmware software, Datu Inc., Geneva, NY). The column effluent was mixed with moistened air at 50°C to reduce fatigue and drying of the judge's nasal passage. Peak to odor-impression correlation were performed by four especially trained nasal judges; each analysis was duplicated.
